Claims 



l\ A method for estimating a bearing from an antenna 
sitmated at a cellsite to a mobile station in a radio 
telecommunications system, said antenna comprising a 
5 plurality of antenna elements for receiving signals 

transmitted by said mobile station, said received signals 
having a. frequency including a frequency offset, being a 
Doppler frequency offset due to motion of said mobile 
station anti/or a carrier frequency offset, and having a 
10 phase and at* amplitude at each antenna element dependent 
on said bearing and on said frequency, comprising the 
steps of; \ 

(A) : during each of a plurality of successive 
sampling times obtaining a set of signal samples, by 

15 sampling said signal received at each said antenna element 

during a dwell tim<k shorter than said sampling time, such 
that not all of saidwbceived signals are sampled 
simultaneously; /\ 

(B) : estimating said phase and said amplitude of 

20 each said signal sample to obtain a corresponding complex 

phasor; \ 

(C) : estimating saidVf requency offset using two or 
more of said phasors derived, from signal samples 
successively received at oneNpf said antenna elements; 

25 (D) : applying a phase-rotation compensation 

according to said estimate of sVid frequency offset to 
said phasors corresponding to each of said antenna 
elements to obtain compensated phksors; and 

(E) : estimating said bearing Vsing a set of said 

30 compensated phasors corresponding toyat least one set of 

signal samples. \ 

2. A method according to claim 1, in Which said dwell 
time at each said antenna element is of ^qual duration. 
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A method according to claim 1, in which step (B) 
includes the step of correlating each said signal sample 
witn a predetermined reference signal. 

4 \A method according to claim 1, in which in step (C) 
said ^frequency offset is estimated by carrying out a 
Fourier Transform. 
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5. A method according to claim 1, in which in step (A) 
after sai^d plurality of successive sampling times a 
corresponding plurality of said sets of signal samples is 

10 obtained, ktep (B) is performed on each said set of 
signal samples, step (D) is performed on each 
corresponding set of phasors derived therefrom, and step 
(E) includes fthe steps of carrying out a spatial Fourier 
Transform on each said set of compensated phasors and 

15 incoherently summing the results of each said spatial 

Fourier Trans forV flto estimate said bearing 



6. A method fofc\ estimating a bearing from an antenna 
situated at a cellsVte to a mobile station in a radio 
telecommunications system, said antenna comprising a 
20 plurality of antenna Wements for receiving signals 

transmitted by said mdbile station, said received signals 
having a frequency speotrum, and a phase and an amplitude 
at each antenna element \dependent on said bearing and said 
frequency spectrum, comprising the steps of; 
25 (A) : during each of >a plurality of successive 

sampling times obtaining a\set of signal samples, by 
sampling said signal received at each said antenna element 
during a dwell time shorter than said sampling time such 
that not all of said receivedVsignals are sampled 
30 simultaneously, in order to obtain an array of said signal 
samples, each row of said arraA comprising one of said 
sets of signal samples and eachVolumn of said array 
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Containing a plurality of said signal samples from one of 
s\id antenna elements; 

(B) : estimating said phase and said amplitude of 
each said signal sample to generate a corresponding 
compVex phasor so as to obtain a corresponding array of 
said phasors; 

:) : performing a Fourier transform on each column 
of sai& array of phasors, each said Fourier transform 
having an output quantized into frequency components to 
obtain a\ frequency-component phasor representing the 
contribution of each frequency component to said phase and 
said amplitude of said signal samples at said 
corresponding antenna element during said plurality of 
sampling times; 

(D) : camQensating each said frequency-component 
phasor according to a frequency of said corresponding 
frequency component; and 

(E) : estimating said bearing on the basis of said 
compensated phasprs, 



20 7. A method according to claim 6, in which in step (A) 

said signal samples in each said set of signal samples are 
sampled sequentially during dwell times substantially 
equal to said sampling time divided by said number in said 
plurality of antenna elements. 



25 8. A method according to claim 6, in which in step (B) 
said phase and said amplitude of each said signal sample 
are estimated by correlation with a reference signal. 



9. A method according t A claim 6, in which in step (E) 
said bearing is estimated by performing a spatial Fourier 
30 transform on said compensated phasors corresponding to 

each said frequency component to obtain a spectrum of 
energy (or intensity) versus bearing corresponding to each 
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saifsj frequency component and incoherently adding said 
spectxra . 

10. A\iethod according to claim 6, in which in step (D) 
each said\ frequency-component phasor is compensated to 
correct ph\se rotation arising from a frequency difference 
between said, ^frequency of said frequency-component phasor 
and said ref£VC n ce signal, and from a delay between 
sampling said kignal samples at each said antenna element. 




11. A method according to claim 6, in which said 

10 frequency spectrum Vncludes a Doppler frequency spread due 

to motion of said mobdle station. 

12. ) A method fo\ calibrating a receiver circuit coupled 
a direction-f irading antenna in a radio 

telecommunicationslsystem, said receiver circuit including 
15 signal-phase-sensituve direction-finding signal-processing 
equipment, comprisiilcrftthe steps of; 

injecting KJbalibration signal into ( saic iy 
receiver chain in th^proximity of said antenna; * 

processing teaid calibration signal in said 
20 receiver circuit to generate an output; and 

comparing safia output with a predetermined 
reference ^sy nchronised m th said calibration signal to 
assess said calibration off said receiver circuit. 

13 J A- method for caMbrating a direction-finding antenna 
and a receiver circuit to which it is coupled in a radio 
telecommunications system, said receiver circuit including 
signal-phase-sensitive |irection-f inding signal-processing 
equipment, comprising tnk step of; 

providing a nJLr-f ield ^c alibration source 
30 within a coverage area oflsaid antenna; 
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transmitting a calibration signal from said 
source for reVeption by said antenna; 

processing said received calibration signal in 
said receiver Circuit to generate an output; and 

comparing said output with a predetermined 
reference synchronised with said calibration signal to 



assess calibrate 
circuit - 



an 



of said antenna and said receiver 
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14J A method f orlcalibrating a direction-finding antenna 
10 coupled to a receiver circuit situated at a cell sit e of a 

cellular radio telecommunications system, a communications 
transceiver for communicating with mobile stations of said 
system also being situated at said cell site, comprising 
the steps of; 

15 providingla radio transceiver beacon at a 

predetermined, known position at a known bearing and/or 
distance from said cell site; 

controlling said communications transceiver to 
set up a call with saifi beacon during which said beacon 
20 transmits signals to saad cell site; 

receiving saJjjd signals at said direction- 
finding antenna; and 

processing sa&d received signals in said 
receiver circuit to estiit&te a bearing from said cell site 
25 to said beacon and/or a distance between said cell site 

and said beacon and comparing said estimate or estimates 
with said known bearing andVor distance. 



30 



15, A method according to &Laim 14, in which said step 
of providing said beacon comprises providing a mobile 
station compatible with said telecommunications system. 
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16. A method according to claim 14 , in which said beacon 
is provided arc. said position such that it can communicate 
with more thaA one cell site in order to calibrate 
direction find\ng antennas and receiver circuits at each 
5 said cell site, 

f 17 J A method f&r calibrating a direction finding antenna 
situated at a first cell site of a cellular radio 
telecommunications system, comprising the steps of; 

providing a transmitter beacon at a second cell 
10 site adjacent to said first cell site; 

transmitting a signal from said beacon; 
receiving said signal at said direction-finding 
antenna; and 

processing said received signal using receiver 
15 circuitry coupled tfe said direction finding antenna to 
estimate a bearing Irom said first cell site to said 
second cell site, comparing said estimate with a known 
bearing from said filst cell site to said second cell 
site, and calibrating said direction finding antenna 
20 and/or said receiver ^ircuitry accordingly. 

18. A method according to claim 17, in which said radio 
telecommunications system is a CDMA (code division 
multiple access) system rand said signal transmitted by 
said beacon is a narrowband signal within or near the 
25 allocated CDMA bandwidth. 



19. A method according tA claim 17, in which said signal 
transmitted by said beacon lean be used to calibrate 
direction finding antennas \t a plurality of adjacent cell 
sites . 



C:\SPECS\40765US.sg « 7 th September 1999 



51 



20) A method f orlcalibrating a direction finding antenna 
and/or associated Receiver circuitry at a^c ell site of a 
radio telecommunications system, comprising the step of 
selecting one or moSe of the calibration methods of 
injecting a calibration signal into said circuitry near 
said antenna, providing a near-field calibration source, 
providing a radio transceiver beacon and providing a radio 
transmitter beacon at an adjacent cell site. 



21. \ An apparatus for d^timating a bearing from a 
10 \ cellsite 

to a mpbile station in a %adio telecommunications system, 

comprising; 

an antenna situated at said cellsite and 
comprising a plurality of altenna elements for receiving 
15 signals transmitted by saidVobile station, said received 
signals having a frequency iribluding a Doppler frequency 
offset due toNmotion of said mobile station and/or a 
carrier frequency offset, and \ relative phase and an 
amplitude at eacW said antenna Element dependent on said 
20 bearing and on san^i frequency; 

a receiver* circuit; at 

a switch ff\r, during elch of a plurality of 
successive sampling " ti^mes, sequentially coupling each of 
said plurality of antenna elements Ito said receiver 
25 circuit to enable sampling by said leceiver circuit of 

signals received by each sNaid antennV element from said 
mobile station; 

and said receiver \:ircuit Comprising; 
a signal sampler fo\ sampling said signals from 
30 said antenna elements; 

a phase and amplitude ^stimalor for estimating 
a phasor representing said phase a\d safyi amplitude of 
each said signal sample; 
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a frequency offset estimator for estimating 
saicK frequency offset using two or more of said phasors 
derivted from one of\said antenna elements in successive 
sampli\ig times; 

a phase c<Smpensator for compensating said 
phasors Recording to ©aid frequency offset; and ; 

a bearing estimator for estimating said bearing 
using saicK compensated! phasors . 

22. An apparatus according to claim 21, in which said 
10 phase and amplitude estimator correlates each of said 

signal samples\ with a reference signal to generate said 
phasors . 



15 



23. An apparatus according to claim 21, in which said 
frequency offset e^timatorlestimates said frequency offset 
by performing a Fou^i/ic' Transform. 



20 



24. An apparatus ^according Tto claim 21, in which said 
bearing estimator estimates svaid bearing by performing a 
spatial Fourier transform on Okie or more sets of 
compensated phasors, each saidlset containing one said 
compensated phasor derive^ froi% each said antenna element 
during one of said sampling timfes. 



25. An apparatus for estimafing\a bearing from a 
cellsite 

to a mobile station in a radio\ telecommunications system, 
25 comprising; 

an antenna situated ak sVid cell site and 
comprising a plurality of antenna\ejUments for receiving 
signals transmitted by said mobileX station, said signals 
having a frequency spectrum, and haVifrig a relative phase 
30 and an amplitude at each antenna elefl^nt dependent on said 

bearing and said frequency spectrum; 
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a receiver circuit; and 

a switch for coupling each said antenna element 
_ e sei v ^ r circuit during e ach of a plurality of 



sampling V:imes fori sampling of said received signals by 
said receiver circuit, said received signals on each 
antenna element not! all being sampled simultaneously 
during each\ sampling time; 

a\id said receiver circuit comprising; 
a \signal Sampler for sampling said signals from 
10 said antenna &lementsl 

a phase and amplitude estimator for estimating 
said phase and Wid amplitude of each said signal sample 
to generate a corresponding complex phasor in order to 
obtain an array \f said\ complex phasors, each row of said 
is array comprising & set era: one of said complex phasors 

derived from each Wid afttenna element during one of said 
sampling times, and each aolumn of said array containing a 
plurality of said complex phasors derived from one said 
antenna element during yjsuedfessive sampling times; 
20 a f requencVls^ecTOrum analyser for performing a 

Fourier transform on /each column of said array of complex 
phasors to estimate a frequency-component phasors 
representing a contribution byXeach of a plurality of 
frequency components of said frequency spectrum to said 
25 phase of said received signal aA each antenna 

a phase compensator few: compensating each said 
frequency-component phasor\ according to a frequency of 
said corresponding frequency component; and 

a bearing estimator for Estimating said bearing 
30 on the basis of said compensated frequency-component 
phasors. 



26. An apparatus according to\claim 2te, in which said 
phase compensator compensates each frec^ency-component 
phasors to correct phase rotation arising from a frequency 
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difference between said frequency component and said 
refer^ice signal, an! from a delay between sampling said 
signal a^mples at cac&i said ant e nna e l e ment, 



in 



10 



15 



20 



25 



30 



27. An apparatus act 
bearing estim^tofc est: 
spatial Fourie^sArans 
component phasorsVcorr 1 
component to obtainVa 
versus bearing for ea 
incoherently adding sa 
frequency components 




•rding to claim 25, in which said 
tates said bearing by performing a 
>rm on said compensated frequency- 
isponding to each said frequency 
[pectrum of energy (or intensity) 
said frequency component and 
spectra obtained for all of said 



/28y An apparatus for calibrating a receiver circuit 
coupled to a direction finding antenna in a radio 
telecommunications systeifl, said receiver circuit including 
phase-sensitive direction|-f inding signal processing 
equipment, comprising; 

a calibration Agnal generator for generating a 
calibration signal; 

a signal injectdt for injecting said 
calibration signal into saili receiver circuit near said 

antenna so that said receivlr circuit can process said 

■ ■ 

calibration signal to generate an output; and 

a comparator for Comparing said output with a 

predetermined reference synchronised with said calibration 

{ , — , — _ 

signal to assess calibration |f said receiver cxrcuit. 

^/?9^ An apparatus for calibrating a direction finding 
antenna and a receiver circuit fcoupled thereto in a radio 
telecommunications system, saidYreceiver circuit including 
phase-sensitive direction-f indina signal processing 
equipment, comprising; 

a support for said antenna; 
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a n ear-Kie ld^calibration source mounted on a 
calibration source! support extending from said antenna 



support; 

a calibration signal generator coupled -to said 
calibration source Ifor transmitting a calibration ' signal 
from said calibration source for reception by said antenna 
and processing by said receiver circuit to generate an 
output; and 

a comparator for comparing said output with a 
reference synchronised with said calibration signal to 



assess calibration o| said antenna and said receiver 
circuit . 

3 0./ An apparatus f orlcalibrating a direction finding 
antenna at a cell sitefof a cellular radio 

telecommunications systSem, a transceiver for communicating 
with mobile stations al$o being situated at said cell 
site, comprising; 

a radio transceiver beacon situated at a 
predetermined location a| a known bearing and/or distance 
from said cell site; 

a controller al said cell site for controlling 
said transceiver to set upl a call with said beacon during 
which said beacon transmit! signals to said cell site; 

a receiver circuB-t coupled to said direction 
finding antenna for processing said transmitted signals as 
received at said direction landing antenna and for 
estimating a bearing from saikd cell site to said beacon 
and/or a distance from said 

a comparator for cc 
bearing and/or distance with 
distance . 



.1 site to said beacon; and 
nparing said estimated 
lid known bearing and/or 



31. A beacon for use in an apparatus as defined in claim 
30. 
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32. A beacon accSprding to claim 31, comprising a mobile 
station compatible with said telecommunications system. 



^^3^ An apparatus fpor calibrating a direction finding 
antenna and/or a receiver circuit coupled thereto situated 
at a first cell sitfe of a cellular radio 
telecommunications system, comprising; 

a transmitter beacon situated at a second cell 
site adjacent to saiM first cell site; 
10 a calibration signal generator coupled to said 

beacon for causing sgiid beacon to transmit a calibration 
signal; 

said receiver circuit coupled to said direction 
finding antenna for Processing said calibration signal as 
15 received by said direction finding antenna to generate an 

estimated bearing frcp said first cell site to said second 
cell site; 

a comparator coupled to said receiver circuit 
for comparing said estimated bearing with a known bearing 
20 from said first cell Aite to said second cell site; and 

a calibrator for calibrating said direction 
finding antenna and/or\said receiver circuit according to 
said comparison. 

34. An apparatus according to claim 33, in which said 
25 radio telecommunication^ system is a CDMA system and said 

calibration signal is a narrowband signal within a 
guardband of the allocated CDMA bandwidth. 



35. A calibration beacon! as defined in claim 33, 
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